Preliminary evaluation of the airborne imaging spectrometer for vegetation analysis in the Klamath National Forest of northeastern California by Woodcock, C. E. et al.
b c 
m 
m 
e. 
I I 
C/aPY3 
PRELIMINARY EVALUATION OF THE AIRBORNE IMAGING SPECTROMETER 
FOR VEGETATION ANALYSIS I N  THE KLAMATH NATIONAL FOREST 
OF NORTHEASTERN CALIFORNIA 
A l a n  H .  S trahler  
C u r t i s  E.  W o o d c o c k  
F r a n c i s c o  X .  A v i l a  
D e p a r t m e n t  of G e o l o g y  and G e o g r a p h y  
Hunter C o l l e g e  
C i t y  U n i v e r s i t y  of New Y o r k  
F i n a l  R e p o r t  
J P L  C o n t r a c t  N o .  956585 
May 3 1 ,  1985 
( N AS A -CR- 179 9 6 4 ) PR EL I M X N  A EY E V B LU A T I O N  OP 
T E E  A l R B C R N E  I C 4 A G I N G  5 E E C S F C H E I E E  FC8 
VEGETATICN A N A L Y S I S  Ib; TEE K L A H A T B  N A T I O N A L  
E O R E S T  OE N O B I H E A I T E R N  C R L I E C F A I A  F inal  Unc las  
h e p o r t  (Hunter  Cell.) 46 F CSCL 02F Hl/43 4 3 6 3 6  
N87-13838 
HC/CUNY DGG 
T e c h n i c a l  R e p o r t  85-1 
This report was prepared for the Jet Propulsion Laboratory, 
California Institute of Technology, sponsored by the 
National Aeronautics and Space Administration. 
https://ntrs.nasa.gov/search.jsp?R=19870004405 2020-03-20T13:47:11+00:00Z
TABLE 0 F CON TENTS 
1. In troduct ion  .................... .................... 
2 .  Background .................... ...........l 
3 .  Phase I .................... .................m......~ 
3 . 1 .  F i r s t  F i e l d  V i s i t  .................... . . . . . . . 3  
3 .2 .  Second F i e l d  V i s i t  .................... ......l~ 
3 . 3 .  Second Overpass .................... . . . . . . . . . 2 2  
4 .  Phase I1 .................... . . . . . . . . . . . . . . . . . . . . . . .27 
4 . 1 .  P r i n c i p a l  Components .................... . . . . 2 8  
4 .2 .  Reca l ibrated  Data .................... . . . . . . . 3 2  
4 . 3 .  Ratios . . .. .... .. . .. . . . . . . .. ... ... . ... ... .. . . 3 3 ,  
z 
4 .4 .  Band-Ratio S t a t i s t i c s  .................... ...36 
5 .  Conclus ion .................... . . . . . . . . . . . . . . . . . . . . . 4 2  
7 .  Bibl iography ...................................... -44  
1 
1. INT RODUC T I O N  
The purpose of t h i s  r epor t  is  t o  document t h e  exper i -  
ences and resul ts  a s soc ia t ed  with a p r o j e c t  e n t i t l e d  "Prel- 
iminary Evalua t ion  of t h e  Airborne Imaging Spectrometer f o r  
Vegetat ion Analys isc"  The primary goa l  of t h e  pro jec t -was  
t o  provide ground t r u t h ,  manual i n t e r p r e t a t i o n ,  and computer 
process ing  of da t a  from an experimental  f l i g h t  of t h e  A i r -  
borne I n f r a r e d  Spectrometer ( A I S )  t o  determine t h e  e x t e n t  t o  
which high s p e c t r a l  r e s o l u t i o n  remote sens ing  could d i f -  
f e r e n t i a t e  among p l a n t  spec ies ,  and e s p e c i a l l y  species of 
c o n i f e r s ,  f o r  a n a t u r a l l y  vegetated t e s t  si te.  Through t h e  
cour se  of t h e  research, J P L  acquired A I S  imagery of our t e s t .  
areas i n  t h e  Klamath National F o r e s t ,  n o r t h e a s t e r n  Ca l i fo r -  
b 
n i a ,  on two o v e r f l i g h t s :  one i n  J u n e ,  1983, of t h e  Dock Well 
t r a n s e c t ,  and a second i n  August ,  1983, of both t h e  Dock 
W e l l  and Grass L a k e  t r ansec t s .  Over t h e  n e x t  y e a r  or so, w e  
a lso rece ived  three generat ions of da ta :  f i r s t  o v e r f l i g h t ,  
second o v e r f l i g h t ,  and reprocessed second o v e r f l i g h t .  Two 
f i e l d  v i s i t s  were made: one t r i p  immediately fo l lowing  t h e  
f i r s t  o v e r f l i g h t  t o  no te  snow c o n d i t i o n s  and temporally-re- 
l a t e d  v e g e t a t i o n  s t a t e s  a t  t h e  time of t h e  sensor  overpass;  
and a second t r i p  about six w e e k s  l a te r ,  fo l lowing  acqu i s i -  
t i o n  of p r i n t s  of t h e  images from t h e  f i r s t  A I S  overpass.  
2. BACKGROUND 
The s c i en t i f i c  basis of remote sensing of ear th  
resources  is t h a t  d i f f e r e n t  subs tances  r e f l e c t  ( o r  emit) 
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r a d i a t i o n  w i t h  d i f f e r e n t  i n t e n s i t i e s  i n  d i f f e r e n t  r eg ions  of 
r t h e  e lec t romagnet ic  spectrum (EMS). To date, remote sens ing  
from s p a c e c r a f t  has been dominated by t h e  a n a l y s i s  of radi- 
ance d a t a  i n t e g r a t e d  over broad bands of t h e  EMS. The most 
common data a v a i l a b l e  are  from t h e  Landsat Multispectral 
Scanner (MSS), which has t h r e e  (nominal) s p e c t r a l  bands 
l O O n m  wide, and one spectral band 300nm wide, i n  t h e  v i s i b l e -  
and near - inf ra red  p o r t i o n s  of t h e  spectrum. Due t o  t h e  
small number of bands and their coa r se  s p e c t r a l  r e s o l u t i o n ,  
much work i n  remote sensing has centered  on s t a t i s t i ca l  
informat ion  e x t r a c t i o n  t e c h n i q u e s ,  r a t h e r  than an improved 
understanding of r e f l e c t a n c e  s p e c t r a  and the i r  r e s u l t i n g  
radiance s p e c t r a .  
A newer sensor ,  t h e  Thematic Mapper-(TM), p r e s e n t s  an 
improvement, providing s i x  bands of data from t h e  v i s i b l e  t o  
t h e  shortwave infrared ( t h e  thermal band is n o t  considered 
h e r e ) .  However, t h e s e  bands are  s t i l l  r e l a t i v e l y  broad, 
ranging from 70nm a t  0.45 urn t o  270nm a t  2.08 um. Whi le  
t h i s  sensor  is  an improvement over t h e  MSS, its band w i d t h  
s e v e r l y  l i m i t s  t h e  a n a l y s i s  of r e f l e c t a n c e  spec t r a .  Prelim- 
i n a r y  i n d i c a t i o n s  are  t h a t  t h e  a n a l y s i s  of TM d a t a  w i l l  con- 
t i n u e  along t h e  l i n e s  of s t a t i s t i c a l l y - b a s e d  empi r i ca l  pro- 
cedures s i m i l a r  t o  those  used w i t h  MSS data. 
. The A I S  measures r e f l e c t e d  radiance over t h e  near- 
i n f r a r e d  p o r t i o n  of t h e  EMS from 1.2 t o  2.4 um [l]. For t h e  
o v e r f l i g h t  of our Goosenest s tudy  area, i n  t h e  Goosenest 
L 
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Ranger Distr ic t  of t h e  Klamath Nat iona l  Forest, t h e  A I S  was 
b configured t o  c o l l e c t  32 bands 9.6 nm wide i n  one of four  
wavelength regions:  nominally 1.2-1.5 um, 1,5-1.8 um, 1.8- 
2.1 um, and 2.1-2.4 um. For each of two t e s t  sites, t h r e e  
overpasses  were made, omit t ing data c o l l e c t i o n  i n  t h e  2.1- 
2.4 um band. I n  a d d i t i o n  t o  t h e  A I S ,  35mm black and w h i t e  
photography of each f l i g h t  l i n e  was taken  t o  h e l p  l o c a t e  t h e -  
narrow A I S  s t r i p .  
3. PHASE I. 
3.1. FIRST F I  ELD VISIT 
The f i r s t  f i e l d  v i s i t  occurred immediately fol lowing 
t h e  f i r s t  overpasses  of t h e  A I S .  Its primary o b j e c t i v e  was 
t o  n o t e  t h e  phenological  s t a t e  of t h e  v a r i o u s  p l a n t  s p e c i e s ,  
and a l s o  n o t e  t h e  e x t e n t  of snow cover.  Snow cover was 
expected t o  be unimportant a t  t h e  time t h e  o r i g i n a l  proposal  
was submit ted,  bu t  due t o  record snowfa l l  i n  1983 it was 
necessary t o  know which f e a t u r e s  i n  t h e  imagery would be 
a t t r i b u t a b l e  t o  snow. 
Due t o  t h e  narrow s w a t h  width of t h e  A I S  ( g O O m ) ,  i t  was 
important  t o  determine t h e  f l i g h t  pa th  f o r  each overpass  of 
t h e  s tudy  area .  A t  NASA-Ames immediately fo l lowing  t h e  
r e t u r n  of t h e  C-130, t h e  video t a p e s  from a bore-sighted TV 
camera taken  d u r i n g  each of t h e  overpasses  were s t u d i e d  and 
a l i n e  approximating the  center of each overpass was 
sketched on 1:24000 co lo r  a i r  photos  f o r  u s e  i n  t h e  f i e l d .  
These  l i n e s  were he lp fu l  i n  l i m i t i n g  t h e  a r e a  r e q u i r i n g  
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ground t r u t h ,  bu t  lacked accuracy because o i l  a c c i d e n t a l l y  
* covered t h e  l e n s  of t h e  video camera dur ing  t h e  f l i g h t .  
(The data from t h e  A I S  and t h e  35mm camera were n o t  a v a i l -  
a b l e  f o r  t h i s  f i e l d  v i s i t  because of t h e  process ing  requi red  
p r i o r  t o  t h e i r  use.)  
During t h e  f i e l d  v i s i t ,  v a r i o u s  a r e a s  along each 
. f l i g h t l i n e  were v i s i t e d ,  and d e t a i l e d  no te s  about t h e  vege- - 
t a t i o n  a t  t h e  sites were made. I n  a d d i t i o n ,  35mm s l i d e s  
us ing  s t anda rd  co lo r  and co lor - inf ra red  f i l m  were t aken  
us ing  two comparable cameras. These s l i d e s  served two pur- 
poses:  l) t o  document t h e  si te a t  t h e  time of t h e  overpass:  
and 2)  t o  g ive  a prel iminary i n d i c a t i o n  of t h e  r e f l e c t a n c e  . 
of v a r i o u s  p l a n t  s p e c i e s  and v e g e t a t i o n  types  i n  t h e  v i s i b l e  
. 
.. and near-inf r a red  wavelengths. These photographs are only  
capable  of providing an  i n i t i a l  i n d i c a t i o n ,  because. co lor -  
i n f r a r e d  f i l m  is s e n s i t i v c t o  d i f f e r e n t  wavelengths than  t h e  
A I S  . 
The f i r s t  t e s t  s i t e ,  r e f e r r e d  t o  a s  t h e  "Grass L a k e "  
s i t e ,  c o n s i s t s  of a transect wi th  a northeast-southwest  
o r i e n t a t i o n .  A t  t h e  southwest end is Herd Peak and an 
i n t e r e s t i n g  g r a d i e n t  of t r e e  spec ie s .  A t  t h e  h i g h e s t  e leva-  
t i o n ,  red f i r  is  t h e  dominant t r ee  species, g iv ing  way down 
s l o p e  t o  a mixed c o n i f e r  f o r e s t  t h a t  is o f t e n  dominated by 
wh i t e  f i r .  O t h e r  t ree  spec ies  common i n  t h i s  mixed c o n i f e r  
a r e a  a re  incense  cedar ,  Douglas f i r ,  and ponderosa and Jef- 
f r e y  pine.  F igure  1 presen t s  c o l o r  and co lo r - in f r a red  
S t rah ler ,  Woodcock ti Avila 5/31/85 
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p r i n t s  of a mixed c o n i f e r  stand i n  t h e  Herd Peak area. The 
4 t a l l e s t  t r e e  is a Douglas f i r  and t h e  two s h o r t e r  trees t o  
t h e  l e f t  are a whi te  f i r  and a ponderosa p i n e  ( f a r  l e f t ) .  
The o r i g i n a l  t ransparency revea ls  some s u b t l e  d i f f e r e n c e s  i n  
s p e c t r a l  t one  between t h e  two s p e c i e s  t h a t  is n o t  r e a d i l y  
v i s i b l e  i n  t h e  p r i n t s .  
B e l o w  Herd Peak i n  t h e  transect is Grass L a k e ,  which is 
f a i r l y  l a r g e  (approximately 3 miles long)  but  very shal low.  
I n  fact ,  a t  certain times of t h e  yea r  t h e  lake is almost  
dry.  A s  a resul t ,  t h e r e  a r e  i n t e r e s t i n g  p a t t e r n s  of d i f -  
fe ren t  s p e c i e s  of g r a s s e s  t h a t  grow throughout t h e  l a k e  and 
along i t s  shore ,  providing cons iderable  v a r i e t y  f o r  s p e c t r a l  
d i f f e r e n t i a t i o n .  F igure  2 shows a gene ra l  view of Grass 
I Lake from t h e  southwest,  po in t ing  approximately i n  t h e  
d i r e c t i o n  of t h e  A I S  overpass.  A t  t h e  t i m e  of t h e  overpass ,  
t h e  L a k e  w a s  r e l a t i v e l y  f u l l  due t o  t h e  high p r e c i p i t a t i o n  
of t h e  preceeding winter .  The w h i t e  a r e a s  i n  t h e  Lake a r e  
dead g r a s s e s  k i l l e d  by high water l e v e l s .  The photos i n  
F igure  3 were t a k e n  from t h e  L a k e ' s  edge and show t h e  
v a r i e t y  of g r a s s e s  common around t h e  L a k e s ' s  border.  
Severa l  d i s t i n c t  zones of grasses  are  v i s i b l e  descending 
from t h e  dry  s h o r e l i n e  i n t o  t h e  shal low waters  along i t s  
. ,  
edge. 
, Northeast  of Grass Lake is an  area t h a t  is r e l a t i v e l y  
f l a t  and has  v e g e t a t i v e  types similar t o  high desert  habi-  
t a t s .  The a r e a  is charac te r ized  by s p a r s e l y  stocked pon- 
S t rah ler ,  Woodcock & Avila  
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Fiuure 1 . 
i f e r  stand i n  t h e  Grass Lake test s i te .  
i n  t h e  l e f t  s i d e  of the  picture.  
Color and color-infrared p ic tures  of a mixed con- 
The t a l l  t r e e  i n  
I . back is a Douglas f i r ,  with a white  f i r  and ponderosa pine  
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Fiaure 2 . V i e w s  of Grass Lake. 
t h e  L a k e  and pat terns  of dead and healthy grasses  i n  the  
middle of the lake  and along its edges a r e  e a s i l y  d i s -  
t inguished i n  t h e  photos. 
The v a r i a t i o n s  i n  depth of 
I 
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Ficrure 3 .  Area a t  the edge of Grass Lake .  Notice the zones 
of ' d i f f e r e n t  grasses  and the ir  v a r i a t i o n  i n  re f l ec tance  i n  
both the  v i s i b l e  and near-infrared wavelengths. 
I 
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derosa and J e f f r e y  pine and an e x t e n s i v e  unde r s to ry  of brush  
comprised of a n t e l o p e  bush ( p u r s h i a  t r  i d e n t a t a )  (shown i n  
F igu re  4 ) ,  manzanita (Arctostaphvlos  S E E . ) ,  g r e a t  b a s i n  sage  
(Wte  m i s h  t r  i d e n t a t q  ) ,  and r a b b i t  b rush  (Chrvsotha mnus 
m.) . I n  a d d i t i o n ,  t h e r e  a r e  s e v e r a l  l a v a  f lows  i n  t h e  
area t h a t  are  d i s t i n c t i v e l y  marked by dense pa t ches  of moun- 
t a i n  mahogany (Cerco carma be tu lo ides )  t h a t  grow along t h e i r  
margins. F igu re  5 shows a t y p i c a l  mix of brush and sparse 
p i n e s  i n  t h e  n o r t h e a s t  p o r t i o n  of t h e  Grass L a k e  t r a n s e c t .  
The second t e s t  t r a n s e c t  runs  i n  a north-south direc- 
t i o n  and is cons ide rab ly  east of ' the Grass L a k e  tes.t s i te .  
W e  r e f e r  t o  t h i s  t e s t  s i t e  as t h e  "Dock Well" area, and it 
has  two d i s t i n c t i v e  sec t ions .  The no r the rn  s e c t i o n  is ve ry  
f l a t  and is similar t o  t h e  "high d e s e r t "  area desc r ibed  i n  
t h e  Grass L a k e  s i te  i n  t h a t  it is s p a r s e l y  s tocked  wi th  pon- 
derosa and J e f f r e y  pines .  However, t h e  unders tory  brush i n  
. t h i s  t es t  s i t e  grows cons iderably  lower and t e n d s  t o  be more 
s p a t i a l l y  homogeneous. As a resul t ,  t h i s  area g i v e s  a close 
approximation t o  a simple model of i n d i v i d u a l  trees on a 
homogeneous background. A simple scene  such as  t h i s  has  
proved u s e f u l  i n  p a s t  explora tory  r e sea rch  where t h e  number 
of convolving fac tors  a r e  minimized. F igu re  6 p r e s e n t s  t h e  
g e n e r a l  appearance of t h e  f l a t  . no r the rn  s e c t i o n  of t h e  Dock 
Well t es t  si te.  
The second p a r t  of t h e  Dock  Well s i t e  is  a long,  g e n t l e  
h i l l s l o p e  t h a t  l e a d s  t o  a r idge  a t  t h e  extreme sou the rn  end 
P t r a h l e r ,  Woodcock & Avi la  5/31/85 
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Fisure  4 . Antelope bush (Purshia t r i d e n t a t a  1.  
I 
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Fiaure 5 . A mix of brush and t r e e s  c h a r a c t e r i s t i c  of the  
northeast  port ion of the  Grass Lake test site. 
v a r i a t i o n  i n  r e f l e c t a n c e  among brush s p e c i e s  and between the 
t r e e s  and t h e  brush. 
Note t h e  
S trah ler ,  Woodcock & Avila 5/31/85 
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Fiqure 6 .  V i e w  of northern sec t ion  of the  Dock Well test 
s i t e .  
Strahler ,  Woodcock & Avila 5/31/85 
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of t h e  transect. There is a gradual  change i n  t ree  s p e c i e s  
composition as e l e v a t i o n  increases .  A t  t h e  bottom of t h e  
s l o p e  t h e  area is s i m i l a r  t o  t h e  h i g h  desert area p rev ious ly  
described. A s  e l e v a t i o n  increases ,  t h e  f o r e s t  canopy 
becomes more dense,  t h e  t r e e s  become b igger ,  and some w h i t e  
..- 
f i r  is present .  Eventual ly  wh i t e  f i r  becomes dominant, 
incense  cedar is p resen t ,  and the  p i n e s  become more sca rce .  
A t  t h e  h i g h e s t  e l e v a t i o n s ,  red f i r  becomes t h e  dominant 
s p e c i e s  w i t h  wh i t e  f i r  s t i l l  p r e s e n t  b u t  less f requent .  
T h i s  g rada t ion  of t ree  spec ie s  provides  an i n t e r e s t i n g  
oppor tun i ty  t o  explore  the s p e c t r a l  r e f l e c t a n c e  of d i f f e r e n t  
con i  f e r spec i es . 
Figure  7 shows three t r e e  species i n  t h e  mixed c o n i f e r  
area of the  t e s t  s i te .  T h e . t a l l  t rees  i n  t h e  back a r e  pon- 
derosa  pine,  t h e  t r ee  i n  the f r o n t  l e f t  is incense cedaf ,  
and t h e  tree i n  t h e  f r o n t  r i g h t  is w h i t e  f i r .  S u b t l e  
differences i n  t h e  t one  i n  both t h e  c o l o r  and infrared 
p r i n t s  can be seen f o r  the d i f f e r e n t  t r e e  s p e c i e s ,  suggest-  
i n g  t h e  p o s s i b i l i t y  d i f f e r e n t  r e f l e c t a n c e  s p e c t r a  f o r  these 
s p e c i e s  throughout both.  t h e  v i s i b l e  and near - inf ra red  por- 
t i o n  of t h e  EMS. 
3.2. SECOND FIELD VISIT  
P r i o r  t o  t h e  second f i e l d  v i s i t ,  w e  received t h e  r o l l  
of nega t ives  from t h e  35mm camera and had 8x10 p r i n t s  made 
of each frame. The A I S  da ta  were not  received u n t i l  we were 
i n  t h e  f i e l d .  The data only inc luded  t h e  Dock  W e l l  s i t e  and 
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Fiuure 7 .  Three tree species i n  the  mixed con i fer  area’of 
t h e  Dock Well test site. The two large  t r e e s  i n  t h e  back 
a r e  ponderosa pines;  a small incense cedar i s  i n  the  lower 
l e f t ,  and a small  white f i r  is i n  t h e  lower r ight .  
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cons i s t ed  of t h r e e  l a r g e  p r i n t s  f o r  each of t h e  t h r e e  passes  
over  t h e  s i t e  (one f o r  each g r a t i n g  p o s i t i o n ) .  It was 
unfo r tuna te  t h a t  t h e  data from t h e  Grass  L a k e  s i t e  were U M -  
v a i l a b l e ,  as  t h i s  s i t e  had t h e  most obvious f e a t u r e s  and 
would have been t h e  easier of t h e  two s i tes  on which t o  
begin work .  Also, there was no snow on t h e  Grass L a k e  t ran-  
sect a t  t h e  t i m e  of t he  overpass.  
Considerable  t i m e  was required t o  determine how t h e  
p r i n t s  f o r  each g r a t i n g  p o s i t i o n  f i t  t oge the r .  The poor 
q u a l i t y  of t h e  d a t a  made it d i f f i c u l t  t o  i d e n t i f y  o b j e c t s  
p r e s e n t  i n  both images. I n  a d d i t i o n ,  t h e  s e p a r a t e  process- 
i n g  of each p r i n t  made t h e  a r e a s  of ove r l ap  on ad jo in ing  
p r i n t s  very d i f f i c u l t  t o  recognize.  This  problem is  r e a d i l y  
appa ren t  when t h e  overlapping a r e a s  of F igures  8A, 8B and 8C 
a re  compared. Another problem r e l a t e d  t o  t h e  s e p a r a t e  pro- 
c e s s i n g  of d i f f e r e n t  p a r t s  of a s i n g l e  f l i g h t l i n e  is t h e  
dark banding found i n  some p a r t s  of t h e  data. S i n c e  t h i s  
banding does no t  occur uniformly throughout s i n g l e  f l i g h t -  
l i n e s  and is confined t o  i nd iv idua l  p r i n t s ,  it is  assumed t o  
be an  a r t i f a c t  of t h e  image processing.  
There are  a couple of a d d i t i o n a l  sugges t ions  w e  would 
l i k e  t o  make  regarding t h e  process ing  of t h e  da t a .  F i r s t ,  
t h e  u s e  of Gaussian stretches .may n o t  be adv i sab le  because 
they  tend t o  concen t r a t e  a l a r g e  number of t h e  pixels i n  t h e  
middle  grey tones ,  l i m i t i n g  t h e  c o n t r a s t  i n  t h e  image. The 
images might be more e a s i l y  i n t e r p r e t e d  fo l lowing  an equal  
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Fiqures 8A and 8B. Upper photo ( A ) :  north end of GPOS 1 
o v e r f l i g h t .  Lower photo ( B ) :  center  s e c t i o n  of over f l ight .  
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a r e a  s t r e t c h  or another  s i m i l a r  technique. A second sugges- 
t i o n  concerns s p e c t r a l  f i l t e r i n g .  S p e c t r a l  f i l t e r i n g  f o r  
t h e  replacement of missing values  makes  sense  f o r  t h i s  
imagery, bu t  any broad s p e c t r a l  f i l t e r i n g  based on a running 
means a lgor i thm (averaging with equal weights  f o r  a l l  p i x e l s  
used)  rather than  methods t h a t  weight t h e  c o n t r i b u t i o n  t o  
t h e  output  va lue  as a func t ion  of t h e i r  d i s t a n c e  can produce 
a r t i f a c t s  i n  t h e  r e s u l t i n g  spectra [ 2 ] .  
While t h e  q u a l i t y  of the p r i n t s  was poor,  and t h e  
f e a t u r e s  they exh ib i t ed  were sometimes puzz l ing  and confus- 
ing,  w e  were nonethe less  ab le  t o  locate two areas on t h e  
ground t h a t  showed i n t e r e s t i n g  c h a r a c t e r i s t i c s  on t h e  A I S  
GPOS 1 imagery. The f i r s t  of these was a c inde r  cone, which 
is  v i s i b l e  on t h e  A I S  p r i n t  as a group of t h r e e  r e l a t e d  
crescent shapes a t .  t h e  1.5 urn end of t h e  image, and a s  a 
rounded form a t  t h e  1.8 um end (F igu re  9 ) .  F i e l d  reconnais- 
sance of t h e  cone revea led  three types  of ejecta p resen t  a t  
t h e  sur face :  red,  black, and w h i t e  (F igu re  1 0 ) .  Representa- 
t i v e  samples of each type of rock were collected and s e n t  t o  
JPL i n  t h e  f a l l  of 1983. 
An examination of accompanying Nikon camera photographs 
of t h e  c inder  cone shows t h a t  most of t h e  cone was covered 
by snow a t  t h e  time of t h e  overpass.  The c r e s c e n t i c  shapes 
a t  t h e  1.5 um end of t h e  A I S  image are simply a r e a s  of 
ejecta t h a t  a re  n o t  snow covered. Since snow absorbs i n  t h e  
s h o r t e r  wavelengths i n  t h i s  reg ion ,  it appears  dark on t h e  
. 
Strah ler ,  Woodcock & Avila 
AIS Report 
Fiqure 8C. South end of GPOS 1 o v e r f l i g h t .  
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Fiaure 9.  Blowups of the  1 . 5  urn (upper p ic ture )  and 1 . 8  urn 
(lower p i c t u r e )  ends of  the AIS f l i g h t l i n e  f o r  GPOS 1 show- 
ing  a cinder cone. 
S trah ler ,  Woodcock & Avila 5/31/85 
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Fisure  1Q.  General appearance 
AIS imagery i n  Figure 9. 
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F i a u r e  11 . Blowup of t hb  po r t ion  of t h e  GPOS 1 p r i n t  of t h e  
area of scarified s o i l .  
A I S  image. A t  t h e  longer  wavelengths of t h e  A I S  image, t h e  
c o n i c a l  shape is much better revealed. Fu r the r ,  there 
appear t o  be subtle d i f f e r e n c e s  i n  shading between l i g h t  and 
medium grey tones  t h a t  correspond roughly t o  t h e  d i s t r i b u -  
t i o n  of red and black ejecta, as  compared t o  t h e  l i g h t e r -  
co lo red  p y r o c l a s t i c  materials. Since t h e s e  m a t e r i a l s  were 
obscured by snow, t h i s  r e l a t i o n  may be a r t i f a c t u a l ,  or coin- 
c i d e n t a l l y  related t o  t h e  topography. W e  are unaware of 
whether or no t  there is s i g n i f i c a n t  p e n e t r a t i o n  of snow by 
l i g h t  a t  these wavelengths t o  allow a c t u a l  sensing of t h e  
s u r f  ace. J 
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Another i n t e r e s t i n g  a rea  taken  from t h e  1.5-1.8 um 
image t h a t  w e  were a b l e  t o  i d e n t i f y  on t h e  ground is shown 
i n  F igure  11. A s  t h e  accompanying panchromatic photo (Fig- 
ure 12)  shows, t h e  f e a t u r e  i s  n o t  s p e c t r a l l y  d i s t i n g u i s h a b l e  
i n  t h e  v i s i b l e .  However, it p r e s e n t s  a h igh  r e f l e c t a n c e  
( b r i g h t  a s p e c t )  i n  t h e  shortwave i n f r a r e d .  Ground recon- 
naissance (Figure  13 )  revealed t h i s  area as a ve ry  r e c e n t  
clearcut, i n  which t h e  ground s u r f a c e  had been d i s t u r b e d  and 
t h e  logging s l a s h  had been p i l ed  up f o r  burning us ing  heavy 
equipment. Although t h e  preprocessing of t h e  A I S  imagery 
l e a v e s  u s  somewhat u n c e r t a i n  a s  t o  whether o r  n o t  l i g h t  
t ones  i n d i c a t e  high r e f l ec t ance ,  t h e  s c a r i f i e d  s o i l  su face  
is  q u i t e  d i s t i n c t i v e .  
. 
3 3. SECOND OVERPASS 
Following imprpements  of t h e  A I S ,  a second overpass  of 
both t h e  Grass L a k e  and Dock W e l l  t e s t  sites was flown. On 
January 12 th ,  w e  v i s i t e d  JPL and received t a p e s  con ta in ing  
t h e  imagery f o r  both s i tes ,  and contact p r i n t s  of t h e  Nikon 
35mm photography. In1 addi t ion ,  w e  were b r i e f e d  on recent 
developments i n  image processing software designed f o r  
a n a l y s i s  of d a t a  from t h e  AIS. 
During our v i s i t ,  w e  a l s o  s p e n t  some t i m e  looking a t  
t h e  imagery from t h e  new f l i g h t  on t h e  i n t e r a c t i v e  d i s p l a y  
monitor.  I t  was r e a d i l y  apparent  t h a t  t h e  q u a l i t y  of t h e  
d a t a  from t h e  new f l i g h t  was f a r  s u p e r i o r  t o  t h e  o r i g i n a l  
data w e  had examined. While w e  were looking a t  t h e  A I S  
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Fiaure 12 Portion of two Nikon camera p r i n t s  
t h e  AIS overpass.  This p icture  corresponds t o  
the  AIS p r i n t  shown i n  Figure 11. 
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Figure 13 .  S c a r i f i e d  s o i l  surface i d e n t i f i e d  on A I S  imagery 
(Figure 11). The upper picture  presents  a general view of 
the  area ,  and the  lower picture shows a close-up of the  s o i l  
surf  ace .  
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imagery, w e  used  t h e  new JPL  so f tware  t o  p l o t  s p e c t r a  of 
s e v e r a l  f o r e s t  s p e c i e s  f o r  Grat ing P o s i t i o n  0 (1.5-1.8 um) 
and 1 (1.8-2.1 um).  While these graphs should n o t  be i n t e r -  
p r e t e d  as true " r e f l e c t a n c e  spec t r a"  because t h e r e  is no 
c o r r e c t i o n  f o r  v a r i a t i o n  i n  a v a i l a b l e  r ad iance  a t  d i f f e r e n t  
wavelengths or for atmospheric e f f e c t s ,  they show some 
i n t e r e s t i n g  f e a t u r e s .  
The most obvious f e a t u r e  i n  t h e  graph f o r  Gra t ing  Posi-  
t i o n  0 (F igure  1 4 )  is t h e  v a r i a t i o n  i n  t h e  o v e r a l l  magnitude 
of r e f l e c t a n c e  f o r  t h e  four  a r e a s  analyzed. I n  a d d i t i o n ,  
t h e  shapes of t h e  graphs f o r  each a r e a  show some s u b t l e ,  bu t  
p o s s i b l y  important  d i f f e r e n c e s  . Two peaks i n  r e f l e c t a n c e  
f o r  each a r e a  can be seen; t h e  f i r s t  one near 1.59 um and 
t h e  second near 1.65 um'. I n t e r e s t i n g l y ,  t h e  second peak f o r  
t h e  ponderosa p ine  a r e a s  i s  more pronounced and occurs one 
s p e c t r a l  band (approximately 10nm) ea r l i e r  than  i n  t h e  p l o t s  
f o r  t h e  mixed c o n i f e r  and red f i r  a r e a s .  Also, i n  t h e  
r eg ion  1.52-1.57 um, t h e  mixed conifer and red f i r  p l o t s  a r e  
cons iderably  f l a t t e r  t h a n  t h e  ponderosa p ine  p l o t s .  
I n  t h e  s p e c t r a l  p l o t s  fo r  Gra t ing  P o s i t i o n  1 (Figure  
1 5 ) ,  aga in  t h e  most obvious f e a t u r e  is t h e  gene ra l  d i f f e r -  
ence i n  t h e  magnitude of reflectance between some of t h e  . 
f o r e s t  a r e a s .  However, two s i tes  i n  t h i s  graph, one mixed 
c o n i f e r  and one red f i r ,  have almost  i d e n t i c a l  response 
curves.  The ponderosa p ine  a r e a  has  markedly h igher  r e f l e c -  
t ance  than  t h e  o t h e r  a reas .  The v a r i a t i o n  i n  shapes of t h e  
s t r a h l e r ,  Woodcock & Avila 5/3 1/85 
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Spectral Plot I Conlferous Forest Types 
AIS Data (grating posltlon 0 )  
A ponderosa pine 
A thinned ponderosa 
pine 
1.50 . 1.57 1.65 1.72 1.80 
S P E C T R A L  B A N D S  (micrometers) 
Fiqure 14 . 
gion for four forest  types. 
Spectral  response curves  i n  the  1.5-1.8 urn re- 
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Spectral Plot 1 Coniferous Forest Type8 
A 1 9  Data (grating position 1) 
A ponderosa pine 
o red fir 1 
red f i r  2 
o mixed conifers 
S P E C T R A L  BANDS (micrometers)  
27 
F i a u r e  15. S p e c t r a l  response curves  i n  t h e  1.8-2.1 um re- 
g ion  'for fou r  f o r e s t  types.  
p l o t s  is  even more s u b t l e  than i n  Gra t ing  P o s i t i o n  0. The 
small drop i n  r e f l e c t a n c e  a t  about 2.09 um i n  one of t h e  red  
f i r  sites and i n  t h e  ponderosa p ine  s i t e  might be important ,  
a s  could be t h e  sudden jump i n  r e f l e c t a n c e  a t  2.05 um f o r  
t h e  red f i r  and mixed con i f e r  si tes.  
4. PHASE I1 
The second p a r t  of t h i s  s tudy ,  Phase 11, c o n s i s t e d  of 
computer-aided a n a l y s i s  of t h e  A I S  da ta .  
was broken down i n t o  t h r e e  s t eps :  (1) p r i n c i p a l  components 
a n a l y s i s ,  (2)  comparison of o ld  calibrated w i t h  new 
This  second phase 
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c a l i b r a t e d  da ta ,  and (3)  a n a l y s i s  of between-band r a t i o s .  
4.1. PRINCIPAL COMPONENTS 
I n  h i s  a n a l y s i s  of A I S  d a t a  from t h e  P i c 0  A n t i c l i n e ,  
Rock (31 showed t h a t  p r i n c i p a l  components images of A I S  d a t a  
had cons ide rab le  p o t e n t i a l  t o  d i f f e r e n t i a t e  among community 
types.  Accordingly,  w e  performed p r i n c i p a l  components 
t ransforms ( a c t u a l l y ,  Karhunen-Love t ransforms)  on A I S  data 
fo r  a s e c t i o n  of t h e  Grass Lake t r a n s e c t  i nc lud ing  t h e  L a k e  
and i t s  surrounding shore. We l'imited our a n a l y s i s  t o  t h i s  
area because l a r g e  p o r t i o n s  of t h e  remaining images were 
obscured by cloud cover. Of t h e  t h r e e  s p e c t r a l  transects,  
on ly  two were s u f f i c i e n t l y  cloud-free i n  t h e  v i c i n i t y  of t h e  
L a k e  t o  u s e  i n  t h e  a n a l y s i s .  Thus,  t h e  d i s c u s s i o n  below is 
r e s t r i c t e d  t o  g r a t i n g  p o s i t i o n s  0 and 2. . We a l s o  had t o  
reduce t h e  numbes of channels i n p u t  t o  p r i n c i p a l  components 
t ransform because t h e  VICAR program EIGEN is l i m i t e d  t o  t e n  
i n p u t  channels.  Accordingly, w e  chose every t h i r d  channel 
from t h e  c e n t e r  of each s p e c t r a l  range. 
Tables  1 and 2 p r e s e n t  t h e  load ings  of t h e  channels  on 
each of t h e  f i r s t  four  components f o r  g r a t i n g  p o s i t i o n s  0 
and 2. The loadings  f o r  g r a t i n g  p o s i t i o n  0 p r e s e n t  a pa t -  
t e r n  expected f o r  da t a  t h a t  a r e  r e p e t i t i o n s  of a more or  
less  smooth, undulat ing s p e c t r a l  curve.  A l l  channels load 
p o s i t i v e l y  on t h e  f i r s t  component, showing a tendency f o r  
o v e r a l l  b r i g h t n e s s  i n  a l l  channels t o  be s i m i l a r .  The 
second p r i n c i p a l  component r e f l e c t s  t h e  tendency of t h e  
S t r a h l e r ,  Woodcock & Avila 5/31/85 
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Table 1. P r i n c i p a l  Component Analys is ,  G r a t i n g  P o s i t i o n  0 
P r i n c i p a l  Component 
I 
Channel I I I I 
I 1 I 2 I 3 I 4 
I I I I 
I 
I Loadings 
I I I I 
3 
6 
9 
1 2  
15 
18  
21  
24 
27 
30 I 
-1562 
.2304 . 27 70 
.3723 
.4056 
.4209 
-3732 
-2922 
.2637 
-2670 I 
-.2125 
-.3287 
-.3290 
-.2536 
-01002 
-.1224 
.0394 
-3308 
.5046 
,5326 
.1926 
03337 
04479 
-2297 
-.4295 
-.5367 
-.1608 
.1117 
.2035 
.2144 
I 
I 
.0321 
-1736 
01221 
-04757 
-04547 . 1448 
.5780 
.3290 
-.1667 
-.1725 
E i g e nva 1 ue  s 
I 
I I I I 
i 1717 i 453 I 40 I 31 
spectral  measurements t o  inc rease  or dec rease  as wavelength 
increases. The t h i r d  component d e t e c t s  an i n f l e c t i o n  i n  t h e  
c e n t e r  of t h e  spec t ra l  curve, and t h e  f o u r t h  component p icks  
, 
u p  a th i rd -o rde r  trend. For g r a t i n g  p o s i t i o n  2,  t h e  r e s u l t  
is similar. The f i r s t  component represents o v e r a l l  b r igh t -  
n e s s ,  and t h e  o t h e r s  detect var.ious degrees  of c u r v i l i n e a r -  
i t y .  wi th  t h e  spectrum. 
F igu res  16A and 16B p resen t  t h e  f i n a l  images f o r  g r a t -  
i n g  p o s i t i o n s  0 and 2 r e spec t ive ly .  The image s t r i p s  show 
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-,1356 
,0199 
-.lo59 
-.3228 
-.3049 
-.2070 
-.0419 
I .0896 
,5379 
I ,6563 
30 
,2751 
,2580 
,3262 
,3473 
,3563 
,3445 
0 34 47 
,3164 
,2922 
I ,2862 
. 
Table 2. Principal Component Analys is ,  Gra t ing  P o s i t i o n  2 
P r i n c i p a l  Component 
I 
Channel I I I I 
I 1 I 2 I 3 I 4 
Loadings 
I 
I I I I 
3 
6 
9 
1 2  
15 
18 
21  
24 
27 
30 
I -.3612 
-.3608 
-.4088 
-.3071 
,2794 
- 5  135 
3397 
,1186 
-.0543 
I ,0610 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
,3616 
,4406 
-.0897 
-.4510 
-.3498 
,0544 
,5120 
-.0004 
-.2674 
-.0684 
I I I I 
I 
I 
I I 
I 737 I 73 I 
Eigenvalues  
I I 
64 I 37 
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Fiaure 16. Pr inc ipal  components a n a l y s i s  f o r  GPOS 0 (A, 
upper) and GPOS 2 ( B ,  lower) images. 
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t r a n s e c t s  a c r o s s  Grass L a k e  displayed as co lo r  images of 
p r i n c i p a l  components 4, 3 and 2 ass igned  t h e  c o l o r s  red, 
green and b lue ,  r e spec t ive ly .  Also d isp layed  is a s ing le -  
band image i n  back and whi te  t o  s e r v e  a s  a l o c a t i o n  f i n d e r .  
I n  both t r a n s e c t s ,  t h e  p r i n c i p a l  components s t r o n g l y  enhance 
t h e  s t r i p i n g  found i n  t h e  o r i g i n a l  images. I n  F i g u r e  1 6 A ,  
t h e  water of t h e  l a k e  is obviously d i f f e r e n t i a t e d  from t h e  
surrounding v e g e t a t i o n  and from t h e  small c loud d i r e c t l y  
above t h e  lake. Within t h e  lake ,  some s p o t s  of magenta may 
be p i ck ing  u p  shallow a r e a s  wi th  a q u a t i c  p l a n t s  c l o s e  t o  t h e  
s u r f a c e .  The l i g h t  area of wet marsh j u s t  below t h e  lake is 
c l e a r l y  sepa ra t ed  from cloud. (Note t h a t  t h e  two t r ansec t s ,  
are  s l i g h t l y  o f fse t  i n  t h i s  d i sp lay . )  However, t h e  remaining 
v e g e t a t i o n  does no t  show much d i f f e r e n t i a t i o n  t h a t  is above 
t h e  l e v e l  of v a r i a t i o n  i n  i nd iv idua l  d e t e c t o r s .  I n  F i g u r e  
1 6 B ,  magenta tones  seem t o  i d e n t i f y  l i g h t  a r e a s  i n  t h e  
normally-displayed t r a n s e c t .  Some of these are  w i t h i n  t h e  
lake, w h i l e  o t h e r s  a re  on the  a d j a c e n t  shores.  The p a t t e r n  
does n o t  seem t o  re f lec t  t h e  zonat ion p resen t  i n  t h e  area a t  
t h e  t i m e  of t h e  ground t r u t h .  
4.2. RECALI BRATED DATA 
A t  t h e  about  t h e  t i m e  t h a t  t h e  p r inc ipa f  components 
a n a l y s i s  was completed, we received newly-cal ibrated d a t a  
from JPL. Although t h e  d a t a  were of improved q u a l i t y ,  we 
were unfo r tuna te ly  unable t o  r e p e a t  t h e  p r i n c i p a l  components 
a n a l y s i s ;  however, t h e  new d a t a  were used  i n  s t u d i e s  of band 
S t r a h l e r ,  Woodcock ti Avila 5/3 1/85 
A I S  Report  * . *  33 
r a t i o s  a s  described below. 
F igure  17  compares t h e  o ld  and newly-recal ibrated data 
f o r  two s t r i p s  conta in ing  Grass-Lake taken  from t h e  image 
f o r  g r a t i n g  p o s i t i o n  0. 
p r i n c i p a l  components f i g u r e  (Fig.  16A) . The r e c a l i b r a t e d  
d a t a  are  s i g n i f i c a n t l y  c l e a r e r ,  and r evea l  d e t a i l  absen t  i n  
t h e  ear l ie r  da ta .  The s t r i p i n g  is s t i l l  prominent,  however. 
F igu res  18A and B a re  s i m i l a r l y  taken  from t h e  second g r a t -  
T h i s  area is a l s o  shown i n  t h e  
ing p o s i t i o n ,  b u t  are  enlarged by 2x f o r  g r e a t e r  c l a r i t y .  
The enhanced d e t a i l  and c o n t r a s t  of t h e  r e c a l i b r a t e d  d a t a  
are ev ident .  For example, there is a road c ross ing  t h e  bot- 
tom of t h e  s t r i p  i n  F igure  18B t h a t  cannot  be d iscerned  i n  
t h e  o l d  data but  is q u i t e  obvious i n  t h e  r e c a l i b r a t e d  data. 
4.3. RATIOS 
' One means of comparing s p e c t r a l  s i g n a t u r e s  is through 
band r a t i o s .  Se l ec t ed  r a t i o s  can enhance t h e  s p e c t r a l  
s e p a r a t i o n  of o b j e c t s ,  e s p e c i a l l y  i n  t h e  presence of o v e r a l l  
v a r i a t i o n s  i n  b r igh tness  t h a t  can confound i d e n t i f i c a t i o n .  
I n  t h e  s p e c t r a l e p l o t s  fo r  Gra t ing  P o s i t i o n  0 of t h e  
Grass  L a k e  t e s t  s i te ,  a "dip" was no t i ced  i n  t h e  curves  f o r  
red f i r  and dense ponderosa between bands 1 4  (nominally 1.34 
um), 15  (1.35 urn), and 1 6  (1.36 um). However, t h e  d i p s  were 
of unequal magnitude, t h u s  suggest ing a mechanism for 
s e p a r a t i n g  t h e s e  two con i fe r  spec ie s .  Accordingly,  w e  
prepared r a t i o  images of bands 15  t o  16  and 15  t o  1 4  f o r  
a n a l y s i s .  I n  order  t o  carry t h i s  o u t  more e f f e c t i v e l y ,  w e  
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Fisure  17. Old ( l e f t )  and newly reca l ibrated  ( r i g h t )  data 
for  t h e  GPOS 0 t ransec t .  
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Fiaure 1 8  . Close-up of Figure 1 7  a t  north (upper) and south 
(lower) edges of Grass Lake. 
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removed a l t e r n a t e  l i n e s  from each single-band image, d iv ided  
it i n t o  512-line segments, and then  s tacked  a l l  t h e  segments 
t oge the r  t o  f i t  i n t o  a s i n g l e  512-by-512 image. The resul t -  
ing  image of band 1 4  is displayed i n  F igu re  19. 
F igures  20 and 21 present  t h e  15/16 and 15/14 r a t i o s  
r e s p e c t i v e l y  f o r  t h e  Grass L a k e  t r a n s e c t .  
t h e  r a t i o s  r e v e a l  l i t t l e  information. The images are  dom- 
Unfortunately,  
inated by banding, blackouts ,  and a rhythmic r i s i n g  and . fa1-  
l i n g  i n  o v e r a l l  b r igh tness .  There are  no p a t t e r n s  t h a t  seem 
t o  make sense  i n  l i g h t  of t h e  ground t r u t h .  Only t h e  t h i r d  
s t r i p  from t h e  r i g h t  i n  t h e  15 /14  image appears  t o  have some 
informat ion  conten t ;  t h i s  half  of t h e  r a t i o  image is 
presented  along w i t h  t h e  o r i g i n a l  band 15  va lues  i n  F igure  
22. Since t h e r e  is nothing remarkable i n  t h e  o r i g i n a l  band 
image of t h i s  segment, it appears l i k e l y  t h a t  t h e  p a t t e r n  is 
an a r t i f a c t  caused by having one of t h e  band 1 5  or 1 4  images 
o f f s e t  with r e s p e c t  t o  t h e  o the r  by a l i n e  or two be fo re  
c a l c u l a t i n g  t h e  r a t i o .  
The 15/14 r a t i o  was a l s o  c a l c u l a t e d  f o r  t h e  d a t a  col-  
l e c t e d  from t h e  Dock W e l l  t e s t  s i t e  (F igu re  23 ) .  A s  i n  t h e  
case of t h e  Grass L a k e  transect, there appeared t o  be l i t t l e  
information of va lue  i n  t h e  r a t i o .  
4.4. BAND - RATIO STATISTIU 
I n  a l a s t  a t tempt  t o  examine t h e  u t i l i t y  of t h e  band 
ra t ios ,  w e  s e l e c t e d  s i x  s i t e s  r ep resen t ing  s i x  d ive rgen t  
v e g e t a t i o n  types:  red f i r ,  lodgepole p ine ,  brush, s p a r s e  
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Band 14  of the  GPOS 0 Grass L a k e  t ransec t .  
Fiuure 2Q. 
GPOS 1 image of the  Grass Lake t r a n s e c t .  
Image displaying r a t i o  of bands 15 t o  16 i n  the  
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Fiaure a. 
GPOS 1 image of t h e  Grass Lake Transect. 
Image displaying  r a t i o  of bands.15 t o  14 i n  the  
Fiuure  2 2  . Comparison of band 1 5  and 15/14 r a t i o  images. 
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Fisure  23 . Ratio image of GPOS 1 bands 1 5  t o  1 4  for the  
D o c k  Well t ransec t .  
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8 ponderosa/Jef f r e y  pine,  dense ponderosa /Jef f rey  p ine ,  and . 
mixed c o n i f e r .  Each s i t e  was d e l i n e a t e d  on t h e  band-rat io  
imagery and t r a i n i n g  s t a t i s t i c s  f o r  each were c a l c u l a t e d  -- 
t h e s e  a re  shown i n  Table 3. 
The table  shows t h a t  t h e  pixel-to-pixel v a r i a t i o n  
w i t h i n  each v e g e t a t i o n  type  was very  g r e a t ,  w i t h  coeffi-  
c i e n t s  of v a r i a t i o n  ( r a t i o  of s t a n d a r d  d e v i a t i o n  t o  mean) of 
around .5. The tab le  a l s o  shows t h e  s t a n d a r d  error of t h e  
mean f o r  each type.  Since t h e  means are based on l a r g e  
numbers of pixels ,  t h e  s tandard  errors  are  q u i t e  small. 
F igu re  24 p l o t s  each type  by r a t i o  and i n c l u d e s  error b a r s  
c 
Table 3. S t a t i s t i c s  f o r  Band Ratios. 
I I S i t e  Type 
I 
I I I I I I 
I 
I 
I I Red ILodge-1 Isparsel Densel Mixed 
Ratio1 S t a t i s t i c  I F i r  I pole !Brush I POP I POP 1 Conif 
I I I I I I 
I . I  I I I I I 
I Mean I 127.31 142.91 133.01 123.11 128.01 128.4 
15/141 Std.  Dev. I 71.61 68.11 60.41 64.71 66.21 75.0 
I Std. Err. I 2.51 , 2.71 2.41 2.31 3.91 3.3 
I of Mean I I I I I I 
I I I I I I I 
I Mean I 108.01 98.91 95.31 90.01 95.51 105.7 
15/161 Std.  Dev. I 60.01 48.91 35.81 48.51 41.91 58.9 
I Std.  Err. I .2.11 1.91 1.41 1.71 2.41 2.6 
I of Mean I I I I I I 
I I 
* I  I I I I I I 
I Sample No.! 855 1 637 I 663 I 828 I 300 I 528 
I I I I I I 
I 
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I i n d i c a t i n g  t h e  s t anda rd  e r r o r  of t h e  mean for  each ratio.  
I n  t h e  f i g u r e ,  t h e  15/14  r a t i o  s e p a r a t e s  t h e  three open- 
canopy types from t h e  t h r e e  closed-canopy types,  and t h e  
15/16 ra t io  s e p a r a t e s  t h e  red f i r  and mixed c o n i f e r  types  
from the remaining four .  On t h e  two axes,  all but  t h e  r ed  
Dock Well Test Site,(Gpos 0) 
110- 
106- 
l- 100- 
\ 
0 
+ 8 6 -  cd 
0- 
a 
8 0 -  
0 6- 
-dt 
-1- 
2 I -1- 
i I I '  I I I . 1 2 0  126  1 3 0  136 140  146 
'. Ratio 15/14 
F i u u r e  2 4 .  P l o t s  of band r a t i o s  f o r  s i x  d i f f e r e n t  vegeta- 
t i o n  types.  
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. f i r  and mixed c o n i f e r  t ypes  a r e  e a s i l y  d i f f e r e n t i a t e d .  
v 
Although t h e  types  are  l a r g e l y  separable i n  t h e  f i g u r e ,  
it is o n l y  by v i r t u e  of t h e  large sample s i z e  t h a t  each is 
d i s t i n g u i s h a b l e .  
weak t endenc ie s  toward s p e c t r a l  d i f f e r e n t i a t i o n  t h a t  are 
man i fe s t  w i t h  large samples b u t  are far  t o o  weak for  pixel- 
by-pixel c l a s s i f i c a t i o n .  
The results are  t h u s  best i n t e r p r e t e d  as 
- 
High s p e c t r a l  r e s o l u t i o n  remote sens ing  is one of the  
most e x c i t i n g  developments i n  space s c i e n c e  i n  t h e  l a s t  
decade. The a b i l i t y  t o  determine t h e  spectral r e f l e c t a n c e  
of i n d i v i d u a l  p i x e l s  i n  hundreds of cont iguous narrow spec- 
t r a l  bands w i l l  provide great b e n e f i t s  f o r  t h e  improved 
understanding of g loba l  phenomena and bet ter  u t i l i z a t i o n  of 
ear th  resources. However, t h e  l i n k  between h i g h  r e s o l u t i o n  
remote sens ing  and ground information t h a t  w i l l  be required 
* 
* for  such b e n e f i t s  is s t i l l  being explored. Although much is 
known about t h e  spectral responses of i n d i v i d u a l  minerals 
t h a t  are  of economic. i n t e r e s t  t o  t h e  g e o l o g i s t ,  l i t t l e  is 
known about t h e  p o t e n t i a l  t o  d i f f e r e n t i a t e  p l a n t s  and com- 
munity types  through such high r e s o l u t i o n  s p e c t r a .  Our s t u -  
d i e s  p r e s e n t  a f i r s t  attempt.  
L 
I 
Although our a n a l y s i s  of t h e  A I S  imagery d i d  n o t  sug- 
g e s t  t h a t  tree s p e c i e s  and vegeta t ion  types  are  e a s i l y  d i f -  
f e r e n t i a t e d  by s p e c t r a l  response curves  i n  t h e  1.2-2.1 um 
r eg ion ,  it is n o t  p o s s i b l e  t o  conclude t h a t  h igh  spectral- 
Strahler ,  Woodcock & Avila  5/31/85 
43 
3 .. .. 
A I S  Report 
c r e s o l u t i o n  remote sens ing  w i l l  n o t  prove he lp fu l  i n  t h i s  
? 
regard. The data were gathered by a one-of-a-kind exper i -  
mental  instrument ,  and were not  of t h e  q u a l i t y  l i k e l y  t o  be 
d e l i v e r e d  by a second- o r  th i rd-genera t ion  instrument .  
There were also f u r t h e r  problems w i t h  c louds a t  t h e  time of 
t h e  second overpass,  and accompanying problems w i t h  t h e  t i m -  
ing  of f i e l d  reconnaissance work t o  suppor t  t h e  observa- 
t i o n s .  
However, a few t r u t h s  do seem t o  emerge from our study. 
F i r s t ,  vege ta t ion  signatures i n  t h e  nea r - in f r a red  are  a l l  
seem t o  be b a s i c a l l y  similar. Although there are s i g n i f i -  
- . c an t  d i f f e r e n c e s  i n  o v e r a l l  b r igh tness  i n  a p e c t r a l  response,  
. there do not seem t o  be well-developed spectral features * 
t h a t  are analogous t o  absorpt ion peaks i n  minera l  spectra. 
Note t h a t  t h i s  obse rva t ion  probably only a p p l i e s  t o  t h e  
nea r - in f r a red  -- i n  t h e  v i s i b l e ,  absorption features of 
c h l o r o p h y l l s  and accessory  pigments may w e l l  f a c i l i t a t e  
p l a n t  d i sc r imina t ion  and i d e n t i f i c a t i o n .  
Another conclus ion  is t h a t  e f f e c t i v e  methods for  pro- 
c e s s i n g  h igh  s p e c t r a l - r e s o l u t i o n  vegetat ion-ref  l e c t a n c e  data 
have y e t  t o  be developed. The b inary  c lass i f ier  w e  tested 
a t  JPL, which is  w e l l  s u i t e d  t o  i d e n t i f y i n g  characterist ic 
features of mineral  s p e c t r a ,  performs very poor ly  on vegeta- 
t i o p  spectra because of t h e i r  similar shapes.  The p r i n c i p a l  
components a n a l y s i s  w e  c a r r i e d  o u t  y i e lded  equivocal  
r e s u l t s .  The spectral  plots demonstrate t h a t  o v e r a l l  
* . 
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1 b r i g h t n e s s  he lps  s e p a r a t e  vege ta t ion  types,  b u t  t h i s  e f f e c t ,  
I 
mani fe s t  i n  t h e  f i r s t  p r i n c i p a l  component, r e f l e c t s  gene ra l  
v e g e t a t i o n  form and coverage only gene ra l ly ,  and is n o t  
l i k e l y  t o  be responsive t o  un ique  structures or s p e c i e s  com- 
p o s i t i o n s  t h a t  h e l p  s e p a r a t e  p l a n t  communities. On t h e  
o t h e r  hand, c o l o r  composites of t h e  second, t h i r d  and f o u r t h  
components, which respond t o  t h e  o v e r a l l  shape of t h e  spec- - 
t r a l  curves ,  do n o t  show much informat ion  t h a t  can be 
r e l a t e d  t o  phenomena on t h e  ground. Perhaps f u t u r e  tech- 
n iques  w i l l  be more s e n s i t i v e  and he lp  r evea l  spectral 
s t ruc ture  t h a t  d id  n o t  emerge i n  our s tudy.  
a 
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